The main alkaline phosphatase isoenzymes of human bile have been purified by DEAEcellulose chromatography. Characteristics of the isoenzymes, such as electrophoretic mobility before and after butanol extraction, Michaelis constant, and change in electrophoretic mobility following exposure to neuraminidase have been studied and compared with isoenzymes from other sources.
The presence of alkaline phosphatase (E.C.3.1.3.1., AP) in the bile is well documented but the source of the enzyme has never been convincingly demonstrated. In the past it was thought that the alkaline phosphatase activity of the bile was derived from the serum (Gutman, 1969) . However, more recently several workers, using a variety of techniques, have shown differences between the main AP isoenzymes present in serum and bile. Starch gel electrophoretic studies indicate that the main alkaline phosphatase isoenzyme present in the bile differs from that present either in the serum (Pope and Cooperband, 1966) or in the liver tissue (Chiondussi, Greene, and Sherlock, 1962; Hill and Sammons, 1967) .
During preliminary experiments aimed at a technique for removing contaminating AP from 5'-nucleotidase in hepatic bile it was observed by Hill and Sammons (1969) that extraction with butan -1-ol caused a considerable increase in AP activity in the aqueous phase. Gall bladder bile was subsequently found to be similarly activated by such treatment. Further, it was found that the extraction led to a change in the electrophoretic mobility, from the origin to a position corresponding to the ,B globulins. It was felt that a study of the characteristics of the AP isoenzymes of bile, before and after extraction, might yield valuable information as to the structural complexity of the alkaline phosphatase in the bile.
Materials and Methods
Specimens ofhepatic bile were obtained from patients with T-tube drainage of the common bile duct after cholecystectomy. Gall bladder bile was obtained Received for publication 15 July 1971. from postmortem cases with no evidence of liver disease.
The commercially available EEL electrophoresis apparatus was used for horizontal starch gel electrophoresis following the principles of Smithies (1955) . Details of the method and qualitative and quantitative procedures for localizing AP activity after electrophoresis have been described elsewhere (Hill and Sammons, 1967) .
Samples of hepatic bile were shaken for five minutes with an equal volume of n-butanol. They were centrifuged in an MSE Super Minor centrifuge for 10 min, after which time the butanol and aqueous phases had separated.
Alkaline phosphatase estimations were carried out on the original specimens and on the aqueous phases for each sample by the method of Kind and King (1954) Alkaline phosphatase activity was fou chloride concentrations of 0-06M and I between 0-12M and 017M. These fra( separately pooled and concentrated und pressure at 4°. The two concentrates were fractions 1 and 2 respectively.
The mobility of these two fractions N using the quantitative localization tech starch gel electrophoresis. The effect extraction on the activity and mobility tions was also observed.
The effect of neuraminidase on the elec mobility of fractions 1 and 2 and fract butanol extraction was studied. The de method involved are published elsewhei Sammons, 1967) . The changes were cc n that of liver AP obtained from a cr genate. Following electrophoresis, the were localized qualitatively as described
As a further means of characterizing (Lines, 1963) . Secondly they it 40 to give were chromatographed in a system designed to 200 KAU/ separate the classes of phospholipid (Skipsky, 1964). 5 ml) was Lipids were located by spraying with 50% sulphuric of DEAE-acid and charring. Phospholipids were localized Thromedia) with iodine and a modified Dragendorf reagent i of sodium (Randerath, 1968 stages during the purification procedure. Recovery of AP from the DEAE cellulose column was 76% with a 30-fold increase in specific activity for fraction 1 and an eight-fold increase for fraction 2.
Quantitative localization of AP, after starch gel electrophoresis, was carried out on fractions 1 and 2. The results indicate that fraction 1 migrates in the ,8-globulin region whilst fraction 2 remains at the origin (Fig. 2) . Butanol extraction of fractions 1 and 2, followed by electrophoresis and quantitative localization, indicates that butanol does not affect the activity or mobility of fraction 1 (Fig. 3) but increases the activity of fraction 2 while also increasing its electrophoretic mobility to that of fraction 1 (Fig. 4) .
Incubation of the AP fraction 2 following treatment with butanol with hepatic bile containing fraction 1 resulted in no change in electrophoretic mobility. Each isoenzyme fraction retained its original mobility in the incubation mixture.
Incubation with neuraminidase caused a decrease in the electrophoretic mobility of the f-globulin AP isoenzyme; this corresponded to the result found using the AP present in the liver homogenate. The mobility of the AP remaining at the origin was not altered by neuraminidase. However, when the bile fraction 2 was extracted with butanol and then incubated with neuraminidase it showed a decrease in mobility identical to that of bile fraction 1. These results are shown in Table II 
Discussion
In the past the origin of the bile alkaline phosphatase has been in some doubt. Dalgard (1949) , using biliary fistula dogs, found that serum and bilealkaline phosphatase were inversely related and concluded that the bile AP was derived from the serum. Le Veen, Talbot, Restuccia, and Barberio (1950) claimed that they could quantitatively recover intravenously injected alkaline phosphatase activity from the bile of dogs. However, two years previously Cantarow and Miller (1948) had shown that increased serum levels of AP did not result in increased levels of AP in the bile. More recent work by Clubb, Neale, and Posen (1965) supports this evidence.
It has been held by many workers that the AP of bile is of osseous origin, the bile being an excretory route for this enzyme (Gutman, 1959) ; this stems from the belief that the AP of serum is of osseous origin. However, consistent qualitative differences have been demonstrated between the AP circulating in patients with hepatobiliary disorders and that in the serum of patients with skeletal disorders (Hodson, Latner, and Raine, 1962; Clubb et al, 1965) . These differences can be demonstrated by heat inactivation (Clubb et al, 1965) , by chemical inactivation (Fennelly, Fitzgerald, and McGeeney, 1966) , and by some workers using starch gel electrophoresis (Hodson et ol, 1962) .
As pointed out by Pope and Cooperband (1966) , 'proof of transfer of the serum AP into the bile requires that the serum AP has some unique characteristic'. Several characteristics are available so that the isoenzyme can be recognized. The isoenzyme separation on starch gel electrophoresis is one such characteristic. Several workers have demonstrated marked differences in the electrophoretic mobility of serum and bile AP (Pope and Cooperband, 1966; Hill and Sammons, 1967) . Studies involving the examination of several bile samples (Hill and Sammons, 1967) The action of neuraminidase on the AP isoenzymes indicates that the fl-globulin AP of bile is derived from the liver. Butanol extraction of the y-globulin AP of bile caused a change in electrophoretic mobility of the enzyme, the action of neuraminidase on this component indicating that it too is derived from the liver.
It would appear from the incubation experiment with bile that the re-establishment of the protein complex is not an easily reversible process. This supports our previous observations (Hill and Sammons, 1967) . The butanol phase following extraction of the bile y-globulin AP has been shown to contain a phospholipid of the choline group. Our conclusion is that the y-globulin AP of bile is a protein-lipid complex involving the liver fl-globulin AP and a phosphatidyl-choline. It would appear that removal of the phosphatidyl-choline by treatment with butanol increases the total negative charge on the protein molecule whilst exposing more active sites on the enzyme molecule.
From this study it would appear that the alkaline phosphatase isoenzyme of the bile, while not being identical with the liver isoenzyme, is nevertheless derived from the liver. The passage from the liver cell to the bile in some way involves the addition of a phosphatidyl-choline to the enzyme molecule. Whether or not this is functional or adventitious remains to be determined.
